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Welcome to the Mars Education Program

A 53

Between 1997 and 2007, NASA plans to send
10 spacecraft to investigate Mars. To take advantage of
this historic set of explorations, NASAs Mars
Exploration Program has created a series of curriculum
modules to connect students to the excitement and
learning potential of these missions. The Mars
Exploration Program will help you:

« Engage your students in hands-on, inquiry-based
learning

« Involve students in questions central to current Mars
exploration

e Teach engineering concepts and physical, life, and
Earth and space science in a relevant way

e Provide a context for learning about both Mars and
Earth
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 Address student misconceptions
« Prepare students for using live data and images from
Mars

The module series was developed and field tested by a
team of educators and scientists to make sure that it is
both scientifically accurate and educationally powerful.
Each module contains a set of activities that relate to an
over-arching theme. The activities are sequenced so stu-
dents can progress from introductory experiences to
more advanced investigations and deeper understand-
ings. The educator handbook and correlated student
materials enable you and your students to do the activi-
ties regardless of your previous knowledge about Mars
and planetary exploration.
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Modules Available in the Mars Exploration Series

Getting Started in Mars
D Exploration
feasmnnese. | Grades 4-10, 2 Weeks

How can students study Mars and

Lﬁ = Mars exploration in the classroom?
£ B _! L]

This comprehensive introduction to
studying Mars in the classroom

develops students’ understanding of
Mars, the solar system, and planetary exploration. The
module introduces many of the intriguing riddles posed by
Mars and provides teachers a variety of ways to integrate the
study of Mars into their classrooms.

Is There Water on Mars?
Grades 9-12, 3 Weeks
Can water exist on Mars today?

Mars Exploration
Is There Water on Mars?

By experimenting with water as it
changes state and investigating some
effects of air pressure, students not
only learn core ideas in physical

science but can deduce the water sit-
uation on Mars by applying those concepts. They use
evidence from their work as well as data and images from
NASA’s missions to Mars to take a position on whether
there was ever water on Mars.

The Grand Canyon of Mars
and How It Formed

Grades 6-12, 3 Weeks

What can a colossal fracture tell us
about Mars?

MARS EXPLORATION

e Grand Camyon of ars

Students investigate the formation
of Mars’ 3,000-mile-long rift valley.
After investigating how a planet’s
surface can be altered and analyzing data and images
from NASA’s missions to Mars, students develop
hypotheses to explain the rift valley’s formation and
amass evidence to support their ideas.

The Great Martian Floods
and Pathfinder Landing Site
Grades 6-12, 3 Weeks

MARS EXPLORATION

: ' | Is the landing site in a floodplain,
L s E and why would that be good news?
Al -4
B - pda .
o N Students learn how sediment, land-

forms, and drainage patterns
provide clues about a planet’s geo-
logic history. They use evidence from their work and
data and images from NASAs missions to Mars to
understand the advantages of landing at the end of a
flood channel.

An Overview of What the

Modules Provide

« Hands-on, inquiry-based activities written by educa-
tors, reviewed by NAASA scientists, and field-tested by
students

« Engaging physical and Earth science activities that use
experiments, models, analogs, and image and data
interpretation to investigate questions central to Mars
research

e Practical applications of the National Science
Standards

« Educator’s guides with background information, pro-
cedures, teaching strategies, student sheets, assess-
ment recommendations, and a resource list
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Module Overview

Is there liquid water on Mars? By experimenting with water as it changes state and investigating some effects of air pres-
sure, students not only learn core ideas in physical science but can deduce the water situation on Mars by applying those
concepts.

In Activities 1 and 2, students discover the existence of two temperature
plateaus as water changes state. Students have to make sense of these plateaus
and come to grips with what changes of state mean at the molecular level. Once

DI D D students understand the process of boiling and melting, they are ready to exam-
g” ’ ine another factor that significantly impacts the existence of liquid water and
atmospheric pressure.
N Key Concepts in Activities 1 and 2

Calories added to 1 gram of water ~ * \Vater can only be heated to its boiling temperature.

« The temperature of ice water can rise only after all the ice has melted.

« Temperature measures the average vibrational energy of a particle or group of
particles.

« As the water in Activity 1 boiled and the ice in Activity 2 melted, the parti-
cles used the energy from the heat source to gain the extra kinetic energy
required to change state. As a result, the temperature during these transitions
never changed.

In Activity 3, students increase the boiling temperature of water by increasing the
pressure in the container. In this activity, students not only develop an understand-
ing of pressure’s role in water’s boiling temperature but also of its role in maintain-
ing liquid water.

Key Concept in Activity 3

« Water boils when its vapor pressure equals atmospheric pressure. As a result,
water’s boiling temperature is pressure, rather than temperature, dependent.

In Activity 4, students perform several activities showing that Earth’s atmos-
phere exerts considerable force at the surface. Many students are unaware that
they are subject to considerable atmospheric pressure and have little apprecia-
tion for how important this pressure is in their world. By acknowledging air
pressure and understanding its role in maintaining water, students can consid-
er questions such as: Why doesnt water on Earth boil away? Could water exist
on planets such as Mars?

Key Concepts in Activity 4

¢ Air has mass and volume.

< Air pressure is a function of the height and density of the atmosphere in
conjunction with a planet’s gravitational pull.

e The particles in high-pressure air are packed more densely than those in
low-pressure air.
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« Air flows from areas of high pressure to areas of low pressure to equalize the
pressures.

« When the volume of a given mass of gas increases, its pressure decreases, pro-
vided that the temperature remains constant (Boyle’s Law).

In Activity 5, students build on ideas introduced earlier and discuss ways to reduce
the boiling temperature of water. Students find that water can boil well below its
typical boiling temperature by reducing the pressure above the surface of the liquid.
They learn about phase change diagrams and use one to better understand their pre-
vious work with pressure and changes of state.

Key Concepts in Activity 5

« Wiater boils when its vapor pressure equals atmospheric pressure. As a result,
water’s boiling temperature is pressure, rather than temperature, dependent.

In Activity 6, students analyze temperature and pressure graphs from the first .""T e aT s NY TF
30 days of the Pathfinder mission and realize that liquid water could not have i Tig: 8

existed under these conditions. Next, students look at a number of images of e
Mars. By interpreting the landforms and comparing a river-cut valley on Mars - i ‘._"',
with Earth’s Grand Canyon, they identify water as the agent that shaped the sur- 'i i

face. They hypothesize about how water could have flowed across the Martian : -
surface, even though current conditions make it virtually impossible for liquid 1 L ! ! K
water to exist. :

Key Concepts in Activity 6

e Current climatic conditions make the existence of liquid water virtually
impossible.

» Features on the Martian surface provide strong evidence for past flows of
large amounts of water.

In Activity 7, students generate questions based on their module experiences,
and they pinpoint specific information they would like to obtain. They then
read about the objectives and instrument payloads of the upcoming missions
and see how these missions may provide data that can help them answer their
questions. Finally, students create a calendar for the missions and consider
how they will access the information returned by the missions.

Key Concepts in Activity 7

e Each Mars mission has specific objectives and the instruments it needs to
achieve them.

= Space missions arise out of questions people have about Mars, and students
can generate questions worthy of future study.

« Every mission has a specific timetable, and students can follow the progress
of each mission in a number of ways.
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Is There Water on Mars? An Educator’s Guide With Activities for Physical and Earth and Space Science

An Overview of the Pedagogical Approach

Used in This Module

Mathematics and science distinguish themselves from
other disciplines in that they have certain absolutes and
fixed principles. Science further distinguishes itself in that
most students arrive at school with their own ideas and
explanations of many of these absolutes. Unfortunately,
many of their ideas are at odds with current scientific
understanding. The discrepancy between naive and expert
understandings gives science teachers an unusual and excit-
ing opportunity—to help students move from incomplete
or incorrect explanations to ideas consistent with current
understanding.

A considerable and growing body of research shows that
one of the best ways to change students’ thinking is to
first make them aware of their preconceptions and then
provide experiences that probe or challenge those pre-
conceptions. Say that students conduct an experiment
that produces an unexpected result. If their precon-
ceived ideas cannot explain the observations, the stu-
dents should be encouraged to construct new explana-
tions. If these explanations are superior to the ones they
previously held, the students are likely to change their
ideas. If a student’s new explanation is better than his or
her old one but is still incomplete or incorrect, the edu-
cator can provide another experience and repeat the
cycle until the student’s understanding is consistent with
current scientific understanding.

The well established methods of inquiry are not only desir-
able but also are absolutely necessary for students to con-
struct ideas, test them, and, if necessary, reject them and
begin again in their search for ideas that more accurately
reflect the real world.
“Pathways to the Science Standards—High School Edition,”
National Science Teachers Association, 1997, p. 3

To help educators identify students’ preconceptions, each

activity begins with a preassessment question. These ques-
tions help students become aware of their own ideas, take

S

viii

a position on a particular question, and have a personal
stake in the activity. To avoid any embarrassment associat-
ed with feeling ignorant or uninformed, the students hand
their answers in to the educator rather than state their ideas
in a group or class discussion. At the end of each activity,
the students are asked to respond to the preassessment
question again and compare how they answered it before
and after the activity. As the educator, you can use this
comparison as:

 An assessment of student understanding

 An assessment of the effectiveness of the learning experi-
ence

« An indication of whether additional experiences are nec-
essary to develop concept mastery

« A way to structure your class discussion of the experi-
mental observations

« A way to document how students develop an under-
standing of a concept

The activities early in the module are more proscribed than
those later in the module. Progressing from structured to
more open-ended investigations lays an indispensable foun-
dation for the inquiry-based learning later in the module.
This “guided” approach helps students become increasingly
independent investigators by:

« Assuring the mastery of a core set of concepts

« Developing skills required in scientific inquiry

« Providing students a common set of experiences to refer
to as they investigate their own questions

Furthermore, the module promotes inquiry-based learning
by providing students opportunities to design experiments,
develop procedures, or pursue their own ideas. By the
end of the module, the students will have developed the
skills and understanding they need to investigate their
own questions.
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How Do | Get Started?

Module Overview

=

+ Al flows from aess of igh presure to areas of low presure 1o equalize the
press

ter virtually

e for past flows of

Finding Out What Is In a Module

To understand how the activities in the module exam-
ine a question or topic, read the overview of the science
concepts starting on page vi. Each activity and its key
concepts are succinctly described.

EG-1999-12-121-HQ
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Activity 1—At a Glance

How Hot Can You Make Water?

“Time: 2 class periods

Finding Out What Is In an Activity

To understand each activity in greater detail (including
material and time requirements), read the shaded “At a
Glance” page at the beginning of each activity.

Materials

The “At a Glance” pages list the materials used in an
activity. The activities use readily available materials.




Organization
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How Is This Module Organized?

This module is written as an educator guide. This approach makes it possible to give it a conceptual and pedagogical struc-
ture while still providing educators the flexibility to tailor the activities to the needs of their classes. The educator guide
prepares educators to conduct classes around core questions, and it outlines investigations that explore those questions.

Backgrount
why surt @
Inttestingy ot of the

water seems to have
lelp us under-

apparent contradiction s to better understand boiling
Our day-to-day experiences give us a decidedly limited
understanding of boiling, To better understand boling,
students need 1o experience the existence of the phase
chenge platzau (Figure 1.2).

At
1t curs o e o o gt changes
guraced. For ok, when h emgerstureof o

o 80 calors to et ch
g 00 1 meting e ke, e o
e the o s
acitonof
L calorie s the imgeature of 1 of vt DS
100 dgres Ceie

o «— v Ty S
" s i
0%000%3%08 L) L"LW:’;::SIEL‘RE‘J;‘{‘; v o o ey o o -
00005 [
o0 O
5200 °%s 2 o
560000 9 &
BRPFO o, o o many people, it does notseem possible that the water
0°0500 2 €Y can remain the same temperature while heat is stll

decesses <— Particle’s Kinelc Energy — > ncreases

Figure 1.1 A  materials temperatur hange, e spacing and
ey el o s prticschang

I this activity, it s important to understand how liauids
change into vapor (Figure 1.1). Molecules remain in the
liquid phese until they gain sufficient Kinetic energy
(vibrational_ motion) to overcome the forces keeping
them  together. These forces include the attraction
between molecules and the air pressure above the liuid,
‘Adding heat 10 a liquid s an easy way o increase the
Kinetic energy of itsparticls. At some particular temper-
ature, the particles will have become energetc enough to
disasociate themselvesfrom their neighbors and becorme.
avepor. This s called the boiling poit.

At the boiling point, any heat added to the liquid is
absorbed by the molecules and the liquid changes to the
vapor phase. Because these molecules escape ito the ir
and carry away this extra heat, the temperature of the
liquid never rises beyond the boiling point. In a graph
showing the temperature history of some heating wiater
(Figure 1.2, the boiling point graphs as & plateau

&

being added. This phenomenon is nonintuitive and, as
aresult, is a source of misconceptions. What people for-

additional energy being provided by the heat source. If
you add more heat by turning up the burner, allyou will
dois speed up how quickly the water boils away rather
then increase the water's temperature. See the pedagogy
overview at the beginning o the module for 2 discussion
of the different ways to use the activty’ preasessment
questions to identify and alter students misconceptions
surrounding this topic.

Subsequent activities will show that boiling occurs at all
sorts of different temperatures. This fact makes the lig-
Uid-vapor transition plateau extremely important
Because temperature is an unrelizble indicator of boil-
ing, the existence of a plateau is an important way to
confirm whether you have boiling. When the whole
class graphsits temperature data and discovers the (sur-
prising) existence of a plateau, they are mor ready to
discuss boiling and conceptualize what the boiling tem-
perature actually means

2 £6:180912:121.HQ

Learning Activities

Clear, detailed activity procedures
(with reproducible student sheets,
when required) facilitate planning
and classroom implementation.

~Background
Thorough, easy-to-understand
background information enables
you to understand the key con-
cepts in an activity.

Activity 1

h Actiitesfor hyscl and Eart 5o

Preassessment
L/ (9 stucents Take a Posion and Become Aviare of Their Preconceptions: Ack students how hot they could heat water given
unimite time and hetin equipment

(6) Students Expose Their Beliefs: Have each student write down his o her prediction, sign his or her name, and hand it
in to the teacher.

Procedure to Test Students’ Preconceived Ideas
1. Present the problem, “How hot can you heat water”” and s a class discuss how to control variables such as the
amount of water, the number of burners, the height of the rings, etc.

Consder uing 100~150 milllitesof water because it (s ey to measure; (5)comes t  boil in 5-8 minutes (0 coes
ot ol awy during a lss priod; (6)coes not make o big & mess f plld (&) will ot burn s bl s larger amounts
of wate i spilld on th skin and (1) il cove the thermomete bulb. Make sure 0 ead the saety noteson page 5 before
beginning the actviy

2. Have student teams set up the equipment for the actviy (Figure 1.3

« Messurethe agreec-upon amount of vater

I using Bunsen or alcohol burners, adjust the lower ring to fit the burner properly and set a wire gauze on the
lower ring

« Place the beaker or flask containing the water o the wire gauze or on the hot plate (turned off)

+ Attach the thermometer above th beaker with a clamp or string

+ Adjust the thermometer so that the thermormeter bulb is completely subrmerged and just above the bottom of the
beaker (S0 it can measure the water temperature rather than the temperature of the glass, it should not touch the
botiom of the besker )

3. Have students take the starting water temperature,

“Teams of two students work wiell because thre s ltle opportunity for off-task behavior when each student i otally engaged
monitoring the time and temperature.

4. After you check each groups setup, have stu-
dents either light their burners or switch on a »
their hot plates

5. Using a stiring rod (not the thermometer), have
students st and record the water temperature
every 15 seconds.

Hitting a temperature plateau is a surprise that
challenges students_intuition. Thus, th activity
becomes  rich experience upon which to chalenge
old iceas and to develop new understandings. At
some point between 97 and 105 degres Cekius
(depending on the weather and your elevation),
students find that the temperature no_ longer
changes. The crucial element is the discovey that,
although the burner still utsin heat, the temper-
ature sops rising. DO ot let o that this s the
result students are meant to achieve

EG1999-12-121HQ
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How Is This Module Organized?

Teaching Pointers

To assist you in conducting |——_]

hands-on, inquiry-based activi-
ties, you will find pointers, class-
room management strategies,

Organization

Is There Water on Mars? An Educator’s Guide With Activities for Physical and Earth and Space Science

Preassessment
(2) Students Take a Poition and Become Aware of Their Presonceptions: Ask students how hot they could heat water given
unlimited time and heating equipment,

(B) Students Expase Their Belefs: Have each student write down his or her prediction, sign his or her name, and hand it
into the teacher

[ Procedure to Test Students’ Preconceived Ideas

Present the problem, “How hot can you heat water?” and as a class discuss how to control variables such s the
amount of water, the number of burners, the height of the rings, etc

(Consider using 100-150 milliters of water because it: (2 i asy to measure; (b) comes o a bol in 5-8 minute; (c) does
ot boil away during a clas period; (d) does not make too big amess f silld; (€) il not burn as badly s arger amounts
of water ifsilled on the skin; and (f) will covr the thermormeter bulb. Make sue to read the safety notes on page 5 before
beginning the activiy

discussion suggestions, exten- 7 et et ey (e 1)

« If using Bunsen or alcohol burners, adjust the lower ring to fit the burner properly and set a wire gauze on the

sions, and answers to the ques- e e ki ot o i g s ot s (s fy
. « Attach the thermometer above the beaker with a clamp or string
tions presented throughout the

« Adjustthe thermormeter 5o tha the thermormeter bulbis completely submerged and just bove the bottom of the
beaker (S0 it can measure the water temperature rather than the temperature of the glass, it should not touch the
odule bottom of the beaker)

Have students take the starting water temperature.

/

becae fo off-task behavior

. istotally engaged
menitoring the time and tamperature.

Assessment Suggestions 7
This module outlines several
options for assessing students,

including preassessment ques- S L T

tions, question sets, case studies, e e B 0 g !
and suggestions for alternate St .t e e e o
ways of exhibiting student

understanding.

After you check each groupss etup, have stu-
dents either light their burners or switch on a »
their hot pates,

Using asirfing rod (not the thermometer), have
students stir and record the water temperature
every 15 seconds.

Hitting a temperature plateau s a surprise that

changes, The crucial element is the discovery that,
although the burner still puts in heat, the temper-
ature stops rising. Do not let on that this s the
result students are meantyo achieve,

Fiure 13 Aty L0 With ) aburer

() et e
619912120 HQ 3
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o Technology and Internet
Recommendations

Computers and the Web can give

MARS PATHFINDER LANDER
_Temperature at 0.25 meters height

2’“‘[” _— YRR students access to a rich set of
g ol "“‘" HHT AR support materials. The module
§ ok [0 (IEITE] AR R lists  pertinent  Web sites,
SRt AR Rl CD-ROM?, and videos and
Bl LR A A how to get actual Martian data

p AT VT WY and images. However, this mod-

ule does not require the use of
any classroom technology.

Surface Pressure

Sol of Mission
Gourteny fDr. dm sy, s Paindor ASIMET Tesm
MARS PATHFINDER LANDEN

L Case Study
Each activity in this module provides

2 I

- il i some of the information needed to

g il ' [ answer the question: Is there water on
T Mars? In Activity 6, students take a posi-
B tion on this question and apply and

integrate the module’s concepts. This
synthesis can be used as an assessment.

EG-199006-121-HQ

EG-1999-12-121-HQ Xl




Science Standards
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Which Science Standards Are Supported in This Module?

Unifying Concepts and Processes

« Systems, Order, and Organization

« Evidence, Models, and Explanation

« Constancy, Change, and Measurement
« Evolution and Equilibrium

Science as Inquiry

« Abilities Necessary to Do Scientific
Inquiry

« Understandings About Scientific Inquiry

Physical Science
« Structure and Properties of Matter
* Motions and Forces

« Conservation of Energy and Increase in
Disorder

« Interactions of Energy and Matter

Earth and Space Science

< Energy in the Earth System

« Origin and Evolution of Planets

« Origin and Evolution of Planetary Systems

Science and Technology
« Abilities of Technological Design

« Understandings About Science and
Technology

History and Nature of Science
« Science as a Human Endeavor

« Nature of Scientific Knowledge
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